The mini core collection (MCC) has been established by streamlining core collection (CC) chosen from China National Genebank including 23,587 soybean (Glycine max) accessions by morphological traits and simple sequence repeat (SSR) markers. Few studies have been focused on the maturity that has been considered as one of the most critical traits for the determination of the adaptation-growing region of the soybean. In the current study, two hundred and ninty-nine accessions of MCC planted for two years at four locations namely in Heihe, Harbin, Jining and Wuhan cities in China were used to assess the variation of maturity in MCC and identify the integrated effect of 4 E loci on flowering and maturity time in soybean. Forty-two North American varieties served as references of maturity groups (MG). Each accession in MCC was classified by comparing with the MG references in the days from VE (emergence) and physiological maturity (R7). The results showed that MCC covered a large range of MGs from MG000 to MGIX/X. Original locations and sowing types were revealed as the major affecting factors for maturity groups of the MCC accessions. The ratio of the reproductive period to the vegetative period (R/V) varied among MCC accessions. Genotyping of 4 maturity genes (i.e. E1, E2, E3 and E4) in 228 accessions indicated that recessive alleles e1, e2, e3 and e4 promoted earlier flowering and shortened the maturity time with different effects, while the dominate alleles were always detected in accessions with longer maturity. The allelic combinations determined the diversification of soybean maturity groups and adaptation to different regions. Our results indicated that the maturity of Chinese soybean MCC showed genetic diversities in phenotype and genotype, which provided information for further MG classification, geographic adaptation analysis of Chinese soybean cultivars, as well as developing new soybean varieties with adaptation to specific regions. 
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Introduction
China has the richest germplasm resources of soybean in the world [1] . More than 23,587 soybean accessions had been collected from 29 provinces of China until 2007 [2] . Evaluation of soybean germplasm collection is crucial for the selection of elite parents, identification of desirable alleles, as well as breeding of new varieties [3] [4] [5] . However, it is still a challenge to evaluate the genetic characterization of the accessions in the Genebank due to abundant resources of the germplasm. Frankel and Brown (1984) firstly proposed the concept of "core collection" (CC), defined as a sub-set of accessions (about 10% of the original size) selected by an optimal sampling method, to represent the maximum genetic diversity of the whole collection [6] . Afterwards, the development of CC has proven to be a reasonable approach to explore the variations from genetic resources [7] [8] [9] . Previously, a soybean CC with a rational size containing 472 accessions has been built based on the simple sequence repeat (SSR) marker data and agronomic traits [10] . As the accessions number of the CC is too large for the replicated evaluations at different locations, more manageable mini core collections (MCCs) of soybean have been developed based on further streamlining of the CC scale (10% of the CC), which represented 94.5% of the phenotypic diversity and 63.5% of the genetic diversity of the whole collection, respectively [11] [12] Our previous data showed the soybean accessions in MCC could be used for basic studies including gene discovery, allele mining, marker-trait associated analysis, and gene functional analysis [13] . For example, 70 SSR markers were used to evaluate a set of 96 wild soybean accessions in MCC, which indicated that a total of 1,278 alleles were identified with an average of 18.2 alleles per locus [14] . In addition, backcross introgression lines developed from soybean cultivars in the MCC were used to identify QTLs related to cold and drought stress [15] [16] . Moreover, Guo and Qiu (2013) developed the allele-specific marker for the selection of allelic distributions of flavonoid 3 0 -hydroxylase (GmF3'H) and flavonoid 3 0 , 5 0 -hydroxylasegenes (GmF3'5'H) genes in 170 soybean accessions in MCC [17] . Furthermore, MCC also provided trait-specific resources for soybean improvement programs. For instance, resistance to soybean mosaic virus (SMV) was evalauted using inoculation of four Chinese SMV strains in soybean CC from Southern China [18] . Also, MCC contained a wider range of protein subunits of 11S and 7S than common cultivars, which were the major components of seed storage protein in soybean [19] . Moreover, in a study using the landraces of MCC for the identification of allele variations of soybean stem growth habit gene GmTFL1, the genetic diversity and geographic distribution of the four Gmtfl1 alleles revealed that artificial selection for soybean determinacy occurred at early stages of landrace dissemination. Whereas, only one GmTfl1 allele was screened in the wild soybeans, indicating the effects of genetic bottlenecks created by germplasm introduction and modern breeding [20] . Therefore, such collection has been well acknowledged as an ideal candidate for the identification of trait-specific accessions, gene discovery and molecular breeding in soybean.
Length of growing period or maturity is an important trait of crops as it determines the geographical adaptation of a variety [21] [22] [23] [24] . In North America, soybean had been classified into 13 MGs, which were designated by Roman numerals, starting with "000" MG adapted to long days in Canada, and ending with "X" MG adapted to short days in Southernmost areas of the US [25] . Zhang et al. (2007) examined the adaptation area of different MG soybean varieties in the US, which showed that soybeans of MG0 to MGVI were mainly grown in the major producing areas of the US, and MGVII and MGVIII were currently cultivated in a limited region in the southern states [26] . In Argentina, soybeans of MGII to MGIX could be grown under suitable environments from September to February each year [27] . Alliprandini et al. (2009) developed an efficient method for assigning relative MGs to the commercial cultivars based on the evaluation of the maturity stability of 48 Mid-Western and 40 southern Brazilian commercial cultivars ranging from MGVI to MGVIII at 15 locations [28] . In China, extensive studies have also carried out to categorize soybean accessions into different MG groups based on environment and planting patterns [29] [30] [31] [32] [33] [34] [35] . For example, Hao et al. (2003) identified 12 soybean MGs (C1-C12) by planting 96 soybean varieties at 28 locations, but such classification was not linked with the MG system in North America [33] . Gai et al. (2001) analyzed the maturity time of 264 Chinese soybean landraces under natural and extended day-length conditions in Nanjing city and confirmed the presence of soybeans of MG000 to MGIX in China when comparing with the 48 varieties of 13 MGs from the US [4] . Additionally, the geographic distribution scheme of soybean MGs was proposed in China. The same classification will be beneficial for the comparison and exchange of soybean germplasm in a national and international scale.
Flowering and maturity of soybean are controlled by the major genes, and to date, at least nine maturity loci (E1-E8, and J) have been identified [36] [37] [38] [39] [40] [41] [42] . Up to now, extensive studies have been performed on the identification and characterization of E1-E4 genes at a molecular level [43] [44] [45] [46] . The E1 gene encoded a transcription factor with a putative nuclear localization signal and a B3-related domain [46] . Allelic variations in the E1 gene included single nucleotide polymorphism (SNP) (e1-as) or single base deletion (e1-fs) at coding sequence and a null allele (e1-n1) [46] For the E2 gene, an orthologue of Arabidopsis flowering gene GIGANTEA was found to be linked to the E2 locus, and a nonsense mutation resulted in premature stop codon was identified in the e2-ns allele [45] . The phytochrome genes GmPhyA3 and GmPhyA2 were reported to localized in the E3 and E4 loci, respectively [43, 44] . Meanwhile, at least six alleles of E3 were detected using sequencing technique, while at least five alleles were detected for E4 [47] . Genotyping by sequencing (GBS) approaches were also used to develop tools for breeders to rapidly identify alleles present in their germplasm at the recently cloned maturity loci [48] . Although four known maturity loci (i.e. E1-E4) contribute to our understanding on the mechanism of flowering and maturity, genotypes at the E loci and the relationship with maturity group in Chinese soybean MCC are still not well defined.
In this study, 299 Chinese soybean MCC and 42 MG representative cultivars from the US were tested to classify the maturity groups of MCC in China. In addition, genotyping of four maturity genes was performed in accessions of MCC. These results could enrich the understanding on the variations in MCC and contribute to the prediction of varieties adaptability in suitable geographical regions efficiently.
Materials and methods

Plant materials
The Chinese soybean MCC consisted of 299 accessions selected from the whole soybean collection of the National Genebank of China was used in this study [12] . Forty-two varieties of MGs (MG000-MGVIII) used as MG references were introduced from the United States (Table 1) . Reference varieties were selected for each MG, including two early and two late accessions from each group except for MG000 with only one early and one late accessions included.
Field experiments
Field experiments were conducted at four locations: Heihe (50.15˚N) and Harbin (45.68˚N) in Heilongjiang Province, Jining (35.46˚N) in Shandong Province, and Wuhan (30.63˚N) in Hubei Province. All accessions were planted in Jining city during 2010 and 2011 with a planting date of May 4. In order to classify the MG accurately, some cultivars were planted at the locations in 2011, and finally normal maturity was achieved for each cultivar. Twelve early maturing varieties of MCC and the US varieties belonging to. MG000, MG00, and MG0 were 
Data analysis
Average days to maturity of the US reference varieties in each MG were used to determine the range of each group. The median of neighboring MGs was designed as the threshold of the two groups. Relative maturity of Chinese soybean MCC was classified according to the range of each group [34] . The ratio of reproductive (R) growth and the vegetative (V) growth duration time (R/V) was calculated according to the R1 and R7 [52] .
Results
Growth duration ranges of the maturity group reference varieties from the US
The days to maturity of soybean MG reference cultivars planted at Jining, Heihe, Harbin and Wuhan cities were summarized in Table 1 . Almost all varieties planted in Jinling showed normal maturity before frost except MGVII and MGVIII varieties. Days to maturity of MG000 through MGVI cultivars ranged from 63 to 153 days. However, the very early-maturing varieties showed poor vegetative growth and low yield. The growth duration of MG000 to MG0 reference varieties planted in Heihe was longer than that in Jining (82-115 days vs. 61-80 days). The days to physiological maturity (R7) of MG0 and MGI varieties planted in Harbin were 97-112 days. In Wuhan, late-maturing varieties of MGVI to MGVIII showed a maturity about 142 to 163 days after emergence. Based on traits of the US soybeans, the maturity standards for the classification of the Chinese soybean MGs at different locations were established ( Table 2) . As the range of growth duration of varieties within each MG was defined as 10-15 days in the US[1], the classification standard of MG0 and MGI in Harbin could not be used as standard due to a range of less than 10 days. MG000 and MG00 in Jining could not be used as criteria likewise due to the narrow maturity ranges. The references of MGVII and MGVIII could not achieve normal maturity in Jining. Thus, most of the late-maturing soybean failed to be classified specifically in this location, however, normal maturity was achieved in Wuhan city. Although maturity range of the two groups could not meet the standards of 10-15 days in Wuhan, it might also be considered to combine into one late group as a whole which may cover MGVII, MGVIII and even MGIX and MGX. The MG 0 through VI varieties could be used as references in Jining trail, since the maturity met the requirement of 10-15 days (Table 2) .
Maturity group classification of Chinese soybean MCC
According to the defined classification criteria (Table 2) , the Chinese soybean MCC was classified into different MGs as shown in Table 3 . In Heihe trial, 12 varieties grown in spring showed normal maturity before the frost, and were classified into MG000, MG00 and MG0 according to the range of the references. In Wuhan, 57 Chinese MCC soybeans in the trial planted in spring matured normally, most of which were properly classified into different MGs according to the standard of the US references (Table 3) . However, the varieties of MGVII and MGVIII could not be distinguished due to similar maturity time. Accessions of MG0-MGIV could be classified based on the growth duration ranges of reference varieties in Jining ( Table 2 ). The classification results of soybeans in Harbin trail showed a consistency of up to 85.7% with that of Jining. Despite the fact that 28 late-maturing accessions could not matured normally in Jining before the frost, and the maturity time was estimated based on the maturity degree of the plants when harvested. The classification of the late-maturing accessions in Jining showed consistency with that of Wuhan, which demonstrated that the data obtained in Jining trial can serve as the main criterion and those from the other three locations can serve as the supplements for the determination of MGs of Chinese soybean MCC.
Distribution of Chinese soybean MCC in geographic regions and maturity groups
The Chinese soybean MCC and the MG assignments in the provinces were listed in Tables 4  and 5 , respectively. MCC covered a large range of MGs from MG000 to MGIX/X. Spring-sowing soybeans were primarily distributed in MG 000 through MGV, and a few of which from south China were in late-maturing groups with rich genetic basis of maturity in the springsowing varieties. Soybeans of summer-sowing type were mainly distributed in the MG II through MGIX/X, whereas the autumn-sowing varieties were sorted into MGVI or later. This indicated the MG range of these accessions was narrow. MG000 and MG00 MCC were only distributed in Northern Heilongjiang, and MGIX and MGX were only found in the accessions from south China. MGIII contained the largest number of accessions which were collected from different regions. Fifty-five accessions in MGIII originated from 16 provinces were mainly spring-sowing or summer-sowing types. Soybeans of MGVII/VIII included spring- Table 4 . Maturity group assignments of the Chinese soybean MCC.
MG Variety
summer-and autumn-sowing types. Soybean cultivars in Sichuan Province showed the largest number of 30 accessions, while those of the Heilongjiang, Shanxi, Shandong and Jiangsu provinces were more than 20 accessions. However, there was no MCC accession from Tibet Autonomous Region, Qinghai province, and Tianjin, Shanghai and Chongqing Municipalities, respectively. Twenty MCC accessions originated from 16 foreign countries also showed large range from MG000 to MGIX/X except the MGVI. All the 15 spring-sowing soybean accessions were allocated from MG 000 to MGVI, and soybeans of summer-and autumn-sowing types were mainly distributed into the groups above MGV. MGII was the largest group which included more foreign varieties than other MGs.
Growth period structure (R/V) variation of Chinese soybean MCC
The R/V ratio of 244 soybean varieties was calculated using the data obtained from Jining under spring-sowing conditions. There were wide variation in the ratio of reproductive (R) to vegetative (V) periods (R/V) among the MCC ranging from 0.60 to 3.23 ( Table 3 ). The summer-sowing variety of Cudou from Zhejiang province classified into MGVII/VIII showed the minimum ratio (0.60) while the spring-sowing variety of Daliheidou of MGIII from Jilin showed the maximum value (3.23). The varieties of the same MG also showed a remarkable variation in the R/V ratio. Among the MGIII varieties, the maximum R/V ratio was up to 2.63 (Williams), but the minimum value was only 1.18 (Yizhangsiyuehuang). Among the MGI accessions, the maximum R/V ratio (Yanqihuangdou) and the minimum value (Datunxiaoheidou) was 2.44 and 1.51, respectively. Varieties from the same region were also diverse in the R/ V ratio. For example, R/V ratio of varieties from Sichuan province ranged from 0.87 to 1.87. Compared with Chinese accessions, the foreign germplasm in the MCC also showed diversity in the R/V ratio. Significant variation of the R/V ratio which was observed among the varieties reflected the rich genetic background of MCC.
Genotyping of the maturity genes in Chinese soybean MCC
In order to detect alleles of the maturity genes in Chinese soybean MCC, 228 soybean accessions (76.3%) were genotyped by the Sequenom MassARRAY platform at four maturity loci (i.e. E1-E4) and a total of twelve genotypes were identified in this population. Among all these groups, genotypes of E1/e2-ns/E3/E4 and E1/E2/E3/E4 were the major types, which were identified in 128 and 68 cultivars, respectively (Table 3) . Seven genotypes, including E1/E2/e3-ns/ E4, E1/e2-ns/E3/e4-keshuang, E1/e2-ns/e3-tr/E4, e1-as/E2/e3-la/E4, e1-as/E2/e3-Mo/E4, e1-as/ e2-ns/e3-la/E4, e1-as/e2-ns/e3-la/e4-keshuang, were identified only in one variety (Table 3 ). In addition, the other 3 genotypes (e.g. E1/E2/e3-1a/E4, e1-as/E2/E3/E4, e1-as/e2-ns/E3/E4) were identified in 2, 10, and 13 accessions, respectively.
To determine the effects of maturity genes on maturity and photoperiod response in MCC, the relationship between allelic constitutions and maturity groups of each kind of genotypes were analyzed (Table 6 ). The results showed that E1/E2/E3/E4 genotypes were always detected Genetic variation of maturity group and E genes in the Chinese soybean mini core collection in medium and late-maturing accessions from MGII to VIII and even MGIX/X. In contrast, the recessive allele of the E3 and E4 was always detected in varieties from MG0 and MGI except a variety Dahuangdou-2 belonging to MGIV with two recessive alleles in E2 and E3 loci originated from Guangdong province, southern coast area of China. The allele e4 was detected in only two cultivars belonging to MG0, both of which were from Heihe, Heilongjiang Province with high latitude and low temperature [35] .
Discussion
MCC is a small sub-set of the entire collection which represents most of the total genetic variation with a minimal redundancy[53] (Brown, 1995) . Therefore, it is an ideal choice to utilize the MCC of soybean in China as representative materials to investigate the maturity diversity among Chinese varieties [5] . As shown in Table 5 , accessions of MCC originated from 26 provinces and other 16 countries spanned more than 12 MGs (MG000 to MGIX/X). Moreover, rare alleles of maturity genes were also identified in this population, despite some genotypes were only detected in a single accession. These results were consistent with a previous report about the MG scope of Chinese soybean [54] , which confirmed the representation and high diversity of this collection. Gai et al. (2001) and Wang et al. (2006) suggested that the spring-sowing soybeans from the Northeast were classified into MG000-IV, and the summer-sowing soybeans from the HuangHuai-Hai region and the Northwest were classified into MGII-VI and MGI-III, respectively [4, 54] . In contrast, the spring-sowing and summer-sowing soybean from the Yangtze River region were classified into MG0-IV and MGIII-VIII, respectively. Our data were mostly consistent with previous studies. Unlike the previous data, 11 spring-sowing soybean varieties were classified into MGVII or even later groups in this study, implying that there was rich genetic variations among the Chinese soybean MCC.
In this study, we also classified several accessions such as Dongnong 36, Suinong 14, Jilin 30 and Taixingheidou into the same MG appeared in previous study [4] . For the varieties of Heihe 1 (MG00), Nenfeng 11 (MGI) and Hefeng 25 (MGI), similar MG was registed in United States Department of Agriculture (USDA) [55] . Moreover, MG of some US varieties such as Harosoy, Williams, Clark and Hartwig was in line with the previous study by Chang et al (1992) [56]. Aforementioned results confirmed the experimental methods and the classification of MG. Nonetheless, in this study, Honghuliuyuebao, Duchangwudou and Daqingren were classified into MGII, MGII and MGIV, respectively. However, these 3 varieties were classified into MGI-2, MGI-2, and MGIII-2 by Gai et al (2001) [4] . This might be resulted from the different test conditions and criteria, or various source of accessions.
In North America, the optimal zones for each MG soybeans were roughly parallel with latitude [26] . However, the distribution of MGs in China seems to be relatively complex because of the diversity of ecological condition and production practices. To be exact, the same MG varieties might be from different regions and multiple MGs may present in the same region, which resulted in the abundance of Chinese soybean germplasm resources. The spring-sowing soybeans were mainly classified into MGII-III, whereas, summer-and autumn-sowing soybeans were classified into MGVI-VIII in Jiangxi province.
Previous reports revealed that recessive alleles (e.g. e1, e2, e3 and e4) were associated with earlier flowering and maturity [15] . In this study, most late-maturing accessions had the same genotype at E1/E2/E3/E4 with 136.2 d of average growth period while most accessions with one or more recessive alleles of E1, E2, E3 and E4 were early-maturing. In line with the previous studies [15, 45, 57] Meanwhile, some varieties with two or more recessive alleles were late maturing. For example, two recessive alleles were identified at E2 and E3 loci (E1/e2-ns/e3-tr/E4) in Dahuangdou-2 classified into MGIV. The growth period of Dahuangdou-2 was 116.5 d, indicating that there might be other genes controling the flowering and maturity in soybean. These varieties could be used for the discovery of new genes. Moreover, the effects of E genes under vegetative periods varied from those under reproductive periods during the soybean development. Previous studies revealed the positive effects of E1 allele on length of soybean vegetative periods[56, 57] (Chang, 1992; Wang et al. 2008) . Based on the analysis of allelic variation effects on R/V in this study, we showed the presence of recessive allele in E1 locus in all thirteen accessions with higher R/V ratio (>2.0). These data revealed that e1 had a potential effect on late mature by prolonging the reproductive period during soybean growth. In the current study, most of the US reference accessions showed normal agronomic performance in Jining, Shandong province, despite the fact that a few of the early accessions showed poor growth vigor or symptoms of mosaic virus disease. However, more standard reference varieties with the resistance to lodging and disease are required in order to avoid the potential effects of disadvantageous traits on the maturity performances[58-61] (). Hence, the elite accessions with desirable agronomic traits are recommended for the establishing Chinese maturity standard classification system.
Conclusion
A large spectrum of maturity groups (MG000-MGIX/X) were found in the Chinese soybean MCC, which reflected the complex ecological conditions and planting patterns in China. The MG000 and MG00 accessions were only distributed in northern Heilongjiang, and the MGIX/ X accessions were collected only from south China. Other MGs covered the accessions from different regions and sowing types. Recessive alleles of E genes were identified with higher frequency in early-maturing accessions and the dominate alleles were detected always in medium and late-maturing accessions. The diversity of maturity groups and allelic variation of maturity genes in MCC confirmed the representativeness of Chinese soybean MCC. Some accessions could be used for the discovery of new soybean maturity genes. The combination roles of E loci could be used to design maturity group for the selection of soybean parents and breeding new varieties adapted to desired cropping systems. 
